A fast and accurate assay procedure for DNA-RNA hybrids is described in which exhaustive digestion of unhybridized DNA with S^ nuclease is followed by binding of hybrids to filter discs of DEAE-cellulose. The digested DNA can be efficiently washed from the filters so that background levels of 0.1-0.2% of input tracer DNA can be achieved, in contrast to the much higher (-1-5%) backgrounds obtained using TCA precipitation procedures. Short duplexes, as small as 36 nucleotides in length, which are inefficiently bound to hydroxyapatite, are quantitatively bound to the DEAE-cellulose filters.
INTRODUCTION
The two most common procedures for assaying DNA-RNA hybrids involve digestion with a single strand specific nuclease (usually Si nuclease from Aspergillus oryzae), or chromatography on hydroxyapatite (HAP). The latter yields excellent discrimination between single and double strand nucleic acids provided (1 2) careful attention is paid to technical detail ' . However, chromatographic analysis of large numbers of samples is very time consuming and short duplexes fail to bind quantitatively to HAP under discriminating conditions (60°C, 0.12M Na phosphate)
. S, nuclease digestion is a more convenient means of quantitating hybridization, provided the S^ nuclease-resistant hybrids can be separated from low molecular weight digestion products. This is usually done by precipitating the S 1 resistant nucleic acid with trichloroacetic acid and collecting the precipitate on Millipore or glass fiber filters for the determination of radioactivity. However, this procedure leads to the retention of a significant fraction of the digestion products of single strand DNA on the filters, usually in the range of 2-10% of the input radioactivity^4" 6 '. This background is often tolerable in experiments where a high proportion of the labeled probe is hybridized but is unacceptable when the proportion is small. Thus the hybridization of labeled single copy eukaryotic DNA with RNA has usually been assayed using hydroxyapatite since, in most cases, less than 10% of the probe is hybridized at saturation.
We describe here a procedure in which hybrids remaining after exhaustive S^ nuclease digestion are adsorbed on to DEAE cellulose discs, which are then washed thoroughly with phosphate buffer to remove digestion products. Complete (>99%) retention of duplexes is obtained, while the digestion products of single strand DNA are efficiently removed. This procedure permits a large number of samples to be assayed in a short time and provides a useful alternative to hydroxyapatite chromatography in many experiments involving eukaryotic single copy DNA, or cDNA.
METHODS AND MATERIALS
Preparation of S^ Nuclease. l.lxlO 6 units of lyophilized S-n uclease (Miles Laboratories) were dissolved in 0.44 ml H 2 0 and mixed with 1.1 mg bovine serum albumin (Calbiochem, A grade; dissolved in 0.11 ml H.O) and 0.55 ml glycerol. This preparation was stored at -20°C. DNA-RNA Hybridization. Single copy, tritium-labeled DNA (scDNA) was prepared as described previously . cDNA was transcribed from mouse brain poly(A)mRNA using conditions similar to those described by Myers, ejt al_.
v . These tracer DNA S were mixed with RNA dissolved in sterile, Chelex-treated 0.12M or 0.4M Na phosphate buffer (PB; equimolar di and mono Na phosphate), containing 0.2% SDS, and aliquots were incubated in capillary tubes at 63 or 67°C. Assay o_f DNA-RNA Hybrids • Reaction samples (1-5 yl) were diluted with 100 yl S^ nuclease buffer (0.25M NaCl, 1 mM Zn acetate, 0.03M Na acetate, pH 4.5). (To avoid alterations in pH, (9) and the inhibitory effect of phosphate on S^ nuclease , the dilution of the reaction mixture should be such that the PB concentration is lowered to <.4mM) . A sample (20-4 5 pi) of the diluted mixture was immediately applied to a 2.4 cm DE-81 filter disc (Whatman) for determination of total radioactivity per unit volume. S^ nuclease was added to the remaining volume to a final concentration of 5,000-10,000 units/ml and the mixture was incubated for 80 min at 37°C. Following incubation, a sample (45-75 pi) was withdrawn and applied to a DE-81 disc. All pipetting was performed with a calibrated Pipetman (Rainin). Filters were washed for 10-15 minutes in 3-4 changes of 0.5M PB (~10 ml per disc), followed by 2 one minute washes with water and one wash with 95% ethanol. Filters were then dried thoroughly and placed in Bio-vials (Beckman) containing 3 ml scintillation fluid (toluene-2a70 scintillation mixture, Research Products Int.). Counting efficiency was ~30%. When replicate samples were counted in this system (ten 20 yl samples of H-DNA solution) a standard deviation of +2% was observed, half of which could be attributed to counting error.
DNA-RNA hybrids were also assayed by HAP chromatography as previously described
. When S-^ nuclease was used in conjunction with HAP chromatography, limited exposure to the enzyme was used. In this case 20 yl S^ nuclease, prepared as previously described , was added to 200 yl S-^ buffer containing a reaction sample and incubation was conducted at 24°C for 10 min. Under these conditions 30% of the single strand DNA is rendered acid soluble. This procedure effectively removes "tails" of unhybridized DNA but probably does not significantly cleave hybrids at points where nicks in the RNA exist.
RESULTS
Single and double strand DNA bind quantitatively to the DEAE-cellulose filters. Following treatment with S^ nuclease in the presence of RNA or in its absence, 0.15-0.3% of labeled single strand DNA binds (Table I) . Background values in this range are dependent upon exhaustive treatment with S^ nuclease. When digestion was performed for only 30 min using less Sn uclease (1500 units/ml), 1-2% binding was observed.
We compared DEAE-cellulose filters with HAP in the assay of cDNA-mRNA hybrids. As shown in Figure 1 , a similar result was c) Following digestion with S^ nuclease (5000 units/ml), the 100 yl mixtures were diluted 10 fold with H 2 0 containing 50 yg serum albumin followed by addition of an equal volume of 10% trichloroacetic acid. Precipitation was allowed to occur at 0°C for 1 hr and precipitates were collected on Millipore f i l t e r s and thoroughly washed.
obtained using the DEAE-cellulose f i l t e r method as was obtained using HAP in combination with limited treatment with S, nuclease (see Methods). Table II droxyapatite, which may be present after extended periods of incubation.
DISCUSSION
We have described a simple, fast and accurate procedure for assaying DNA/RNA hybrids or DNA duplexes. Since nonspecific background is low, the method is suitable for hybridization experiments in which only a small fraction of the total input tracer is hybridized. The method also has the advantage that short duplexes, which are inefficiently bound to hydroxyapatite, can be detected. We do not know the limits of the size or amount of nucleic acid which will bind to DE-81 filters. This probably varies with the salt concentration present during loading and washing the filters.
The S± nuclease-DEAE filter assay may also be used in conjunction with low salt ribonuclease control procedures in cases where contaminant DNA or self-annealing of the tracer DNA is a matter of concern'
. Thus, following incubation at 39°C in low salt (0.05M NaCl) with ribonuclease, samples can be digested with S-^ nuclease after addition of S-^ nuclease buffer. Labeled DNA which is resistant to both enzymes is duplex DNA.
